The high-field first and second order Zeeman effect has been observed in Ethyleneoxide The rotational Zeeman effect of the most abundant species of Ethyleneoxide 1 and Pyridine 2 has been investigated previously. In the following we report the results of rotational Zeeman effect studies on several isotopic species.
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They were carried out in an attempt to determine experimentally the sign of the electric dipole moment in both molecules. The microwave spectrometer and the electromagnet used for these investigations has been described in a previous publication 3 . The samples were studied at pressures close to lOmTorr and at temperatures about -65 °C. Typical experimental linewidths were on the order of 150 to 300 kHz full width at half height. As an example Fig. 1 shows a broad band scan of the 533 -532 transition of
The Zeeman splittings of the rotational transitions were analyzed using the effective rotational Hamiltonian given in Equation (1) . This Hamiltonian results from a second order perturbation treatment within the electronic states and under the assumption of a rigid nuclear frame 4 . Phaenomenologically spoken part (a) corresponds to the rotational kinetic energy with A, B and C the rotational constants and Ja, Jb and Jc the components of the rotational angular momentum in units of h. Part (b) corresponds to the potential energy of the rotational magnetic moment in the exterior magnetic field H which is assumed to point in the space fixed Z-direction. gaa, g^b and gcc are the diagonal elements of the molecular ^-tensor. Part (c) corresponds to the potential energy of the field induced molecular magnetic moment. yaa, y^b and ycc are the diagonal elements of the molecular susceptibility tensor. (In molecules with Coy symmetry such as Ethyleneoxide and Pyridine the molecular gr-tensor, the magnetic susceptibility tensor and the moment of inertia tensor are simultaneously diagonal with identical principal axes systems. (For the theoretical expressions of the g-and ^-tensor elements the reader is referred to the derivation presented in Ref. 4 and references cited therein.) Parts (d) and (e) are important in the presence of quadrupole nuclei such as 14l N in Pyridine. Part (d) corresponds to the nuclear Zeeman effect (shielding neglected) with gi the nuclear g-\alue of the z-th quadrupole nucleus and I; its spin vector. Part (e) corresponds to the potential energy of the nuclear electric quadrupole moments within the intramolecular electric field gradient at the positions of the quadrupole nuclei. Finally part (f) corresponds to the translational Zeeman effect 5 which must be accounted for in transitions showing first order Stark effects but which proofed to be negligible in the present investigation.
For all molecules except for 14 N-Pyridine parts (d) and (e) were neglected and the matrix of !Heff was set up within the basis of the appropriate asymmetric top eigenfunction j/, r, M./) 6 . (The Deuterium quadrupole coupling in Ethyleneoxide-D4 is sufficiently small to justify this approximation.) The Zeeman splittings were then analyzed by the standard first order treatmentIn the case of 14 NPyridine the matrix was set up in the uncoupled basis \J,X,MJ,I,MJ)
with I and Mj referring to the spin and spin-projection quantum numbers of the 14 N nucleus. (Again the weak Deuterium quadrupole coupling was neglected.) From the nonvanishing off-diagonal elements 8 only the quadrupole coupling matrix elements diagonal in I and in the rotational quantum numbers / and r but offdiagonal in Mi and Mj were accounted for and treated by second order perturbation theory. At fields close to 25 kG as w r ere used throughout the present work this approximation is sufficient, since the magnetic field quite effectively uncouples nuclear spin and overall rotation. This was also checked by complete numerical diagonalization (compare Figure 2) .
During the analysis of the experimental splittings the slight inhomogeneity of the magnetic field was accounted for 9 . For the complete listings of the measured splittings the reader is referred to Ref. 10 which may be obtained by the authors. The final results of the least squares fits are given in Table 1 . Also listed in this coupling constants for 14 N in Pyridine-4-D since they enter into the analysis of the Zeeman data via Equation (l,e). They were determined seperately from the zero field hyperfine splittings of the rotational transitions 11 and are in close agreement with the values determined previously by Sorensen et al. 12 . Table 2 shows lists of molecular quantities which may be derived from the molecular ^-values, magnetic susceptibility anisotropics and rotational constants together with the bulk susceptibility and the molecular structure 13 . Since the evaluation is based on the rigid rotor theoretical expressions of the ^-values etc. the listed values should be used with appropriate caution. In general they will come close to ground state vibrational expectation values. For a discussion of this problem the reader is referred to Reference 14 .
With the shift of the molecular center of mass upon isotopic substitution the partial compensation of positive and negative electric currents due to the rotation of the molecular charge distribution is also changed. This makes it possible, at least in principle, to determine the sign of the molecular electric dipole moment from the molecular ^-values and rotational If one uses the ^-values and rotational constants given in Table 1 together with the structures shown in Fig. 3 , the numerical results listed in Table 3 In the following this Equation will be called "con- Table 2 . Molecular quantities derived from the experimental data given in Table 1 , the geometries of the nuclear frames (see Fig. 3 ) and the bulk magnetic susceptibilities 13 . Quoted uncertainties follow from standard error propagation and do not account for possible deficiencies of the rigid rotor model. uncertainties however indicate that the latter result is not conclusive. As is seen from the numbers given in Table 3 these large uncertainties stem from the fact that the leading well determined digits drop out of the differences in Equations (2). However we believe that apart from the experimental uncertainties systematic errors may play some role too. The discrepancies of the two values for /.i determined from the Zeeman data according to Eqs. (2), the differences between the absolute values for /u determined from the Zeeman effect and those determined with considerably higher accuracy from Stark effect investigations, and the failure of the "controle Equations" [Eqs. (2) ] to give zero right hand sides within the experimental uncertainties all point in that direction. In Ethyleneoxide for instance the "controle Equation" (see Table 3 ) leads to a right hand side which is off zero by more than 7 standard deviations! Such deviations have been found also in other molecules. As an example the results for Formaldehyde which have been obtained by Flygare and coworkers are listed for comparison at the bottom of Table 3 . In this case the "controle Equation" leads to a value which is 5.4 standard deviations off zero.
Apart from the experimental uncertainties these observed discrepancies are most likely due to the neglect of vibrations during the analysis of the data.
Thus for instance vibrations perpendicular to the plane of the heavy nuclei will generally lead to nonzero expectation values at the right hand sides of the "controle Equations". Furthermore individually averaged ^-values and rotational constants are used at the left hand sides rather than vibrational averages of the type (v = 0 \gaalA j v = 0) etc. Finally and probably most important, the vibrational functions for "Proton-" and "Deuterium-vibrations" which enter into the vibrational ground state averages differ considerably.
In order to account for these vibrational effects an experimental knowledge of the vibrational dependence of the ^-values would be necessary. At the present stage only an estimate is possible which is based on the results obtained by Honerjäger and Tischer for some diatomics 16 . If one assumes that the order of magnitude of the ^-dependence of the
